T h e amyloid fibril field is briefly described, with some stress put on differences between various proteins and possible role for domain swapping. In the main body of the text, first, a short review is given of the folding properties of both human stefins, a/fi-type globular proteins of 53 0 4 identity with a known three-dimensional fold. Second, in vitro study of amyloid fibril formation by human stefin B (type I cystatin) is described. Solvents of p H 4.8 and p H 3.3 with and without 2,2,2-trifluoroethanol (TFE) were probed, as it has been shown previously that stefin B forms acid intermediates, a native-like and molten globule intermediate, respectively. T h e kinetics of fibrillation were measured by thioflavin T fluorescence and CD. At p H 3.3, the protein is initially in the molten globule state. The fibrillation is faster than at pH 4.8; however, there is more aggregation observed. On adding T F E at each pH, the fibril formation is further accelerated.
Introduction
An understanding of the process of amyloid fibril formation will not only contribute to general knowledge about protein structure, folding and stability but, importantly, may contribute to resolving some of the most serious neurodegenerative disorders. These include Alzheimer's, Parkinson's, Huntington's and prion diseases. T h e energetic basis for the process of amyloid fibril formation remains largely unknown [l] . One common observation seems to be existence of two ' macroscopic ' conformations, separated by a high energetic barrier [2, 3] . High energetic barriers are a feature of the formation of three-dimensional domain-swapped dimers [4-71, a process that was proposed as a possible initial trigger leading to amyloid fibril formation in 1997 by Eisenberg and Key words: cystatin, molten globule, native-like intermediate. Abbreviations used: TEM, transmission electron microscopy; TFE, 2,2,2-trifluoroethanoI ; ThT, thioflavin T. 'To whom correspondence should be addressed (e-mail eva.zerovnik@ ijssi).
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co-authors [S] (also presented as a lecture, 3D domain swapping in binding and aggregation, at the EMBO workshop 'Protein Folding and Misfolding Inside and Outside the Cell', Oxford, 1998). After partial unfolding, depending on the interplay of electrostatic (mainly repulsive), hydrophobic and more specific hydrogen bonding between fi strands, a new low-energy state is reached by gradually building up the complexity. In fibrillogenesis, other macroscopic forces can come into play, such as surface attraction and elastic energy cost on filament twisting [9] , which push the protein into the fibrillar state. T h e process is practically irreversible and the fibrils disassemble only rarely, for example upon cooling. In the cells, protection against accidental protein fibrillation is exerted by the system of chaperone proteins, particularly the heat-shock proteins Hspl04, Hsp70 and Hsp40 in combination [10, 11] .
Many proteins, protein fragments and polypeptides have been shown to undergo amyloid fibril formation. These include examples of globular proteins connected to amyloid diseases [12, 13] , and others not related to any known disorder but which are of physiological importance, and form fibrils under mild, physiologically relevant conditions [14] . Some globular proteins will form fibrils but only under rather extreme, usually acidic, conditions [15- Galani et al. [26] , that neither molten globule nor native-like intermediates are direct precursors to the amyloid fibrils but rather precursors to some common pre-fibrillar conformation. In this presentation we explore the influence of the initial state (induced by p H and salt) on the outcome of the process of fibrillation by human stefin B (type I cystatin). C D spectra as a function of time were measured under selected conditions and the thioflavin T ( T h T ) fluorescence was used to follow the kinetics.
Human stefins are physiologically important proteins
Human stefins, members of the cystatin superfamily, act as cysteine proteinase inhibitors [27] . T h e role of stefins in apoptosis [28, 29] and nuclear location of stefin B [30] , in addition to its cytosolic location, may indicate new functions. It has been shown that lack of stefin B (termed 'cystatin B' by some authors) causes EPMl disease, an inherited myoclonic epilepsy [29, 31] . In animal studies, overexpression of stefin B has been detected post-seizures [32] . Of importance, studies on stefin B-deficient mice have shown that genes involved in apoptosis and glial activation are overexpressed [33] . Hence, depletion of stefin B by any means, for example, by formation of inactive dimers and oligomers, is expected to be deleterious for nerve cells. Recently, we have shown [14] that human stefin B is a member of the group of proteins that form amyloid fibrils under mild conditions, but for which no link has yet been shown between fibrillation and an amyloid (or epileptic) disorder.
Folding and stability of human stefins
T h e folding of stefins has been the subject of our studies over the last decade. It has been shown that the two representatives, human stefins A and B, which share about 53Ob identity and have a common three-dimensional fold [34, 35] , exhibit substantial differences in thermal stability [36, 37] , the presence of intermediates [38] [39] [40] , slow and fast folding phases [41] [42] [43] , on effect of 2,2,2-trifluoroethanol (TFE) on denaturation and folding rates [43] .
Human stefin A is a 'well-behaved' protein whose three-dimensional structure has been determined by NMR [35] Chimaeric 'stefins ' [45] were prepared with the aim of evaluating the contribution of secondary structure elements, in particular the a-helices, towards fold stability [45] and the rate of folding. T h e chimaeric proteins are being investigated in terms of correlations between a-helix propensity, stability, rate of folding and the ability to form amyloid fibrils.
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Kinetics of the amyloid fibril formation by stefin B Changes in C D spectra with time C D spectra at pH 6.3 (state N) and pH 4.8 (state IN) did not change in 48 h. They differed from each other only slightly [39] . T h e amyloid fibril reaction in the pH 4.8 buffer was so slow that only initial and final C D spectra were recorded (at 48 h and after more than 3 months). Surprisingly, the shape remained the same, implying that the soluble conformation remained IN-like.
In Figure l (A), far-UV C D spectra at pH 4.8 (0.015 M acetate, p H 4.75/0.15 M NaCl) and with 10 '4 T F E are presented. T h e spectra changed in shape and intensity as a function of time at 42 "C (see the initial and spectrum after 24 h). T h e initial spectrum is very similar to the state I, ( Figure 1B ) and the final spectrum to those in Figure 1C (characteristic of the 8-sheet secondary structure).
In Figure l (B), far-UV C D spectra at pH 3.3 (0.015 M glycine/0.26 M sulphate) are presented. They are characteristic for the secondary structure of stefin B 'dimeric' molten globule, I, [39] . Over time, up to 120 h, the intensity decreased but no change in shape was observed.
In Figure 1 (C), far-UV C D spectra of stefin B at pH 3.3, with 0.26 M sulphate/20% (v/v) T F E in the buffer are plotted. Immediately upon dilution to this solvent a p-sheet secondary structure was induced (with a somewhat shifted minimum at 225 nm). Intensity decreased in less than 2 h, due to visible aggregation.
ThT fluorescence-derived kinetics T h T fluorescence is a probe commonly used to follow the kinetics of fibrillation [46] . It has been Transmission electron microscopy (TEM) measurements T E M and atomic force microscopy images of the amyloid fibrils grown in the pH 4.8 buffer alone have been presented in our initial communication [14] . T E M measurements in other solvents used to probe the fibril growth have also been collected. It has been observed that lo?; T F E leads to thinner fibrils with a width of 7 nm in comparison with 14 nm without T F E [14] . To be sure about the actual fibril dimensions and morphology more statistics are needed, and this work is underway.
Discussion
Three solvents of pH 6.3, 4.8 and 3.3 have been used to observe amyloid-like fibril formation from stefin B. The process was very slow in the p H 4.8 buffer (state IN) and was not observable at pH 6.3.
T E M images taken at various stages of fibrillation over a period of months have been presented [14] (further details are available at http ://www.ff.uniIj.si/Psihologija/iLibrary/IS2001 -CN/PDF/22-PompeNovak-et-all.pdf). T h e major finding was that fibrils grew from pre-fibrillar (granular)
aggregates, which consisted of ' micelle-like '
arrangements. At the end of the process fully grown fibrils prevailed. It is of note that the initial (24 h) and final (after 3 months) C D spectra at p H 4.8 were the same, at least in shape, which may imply that the conformation in the fibrils and in solution remained the same or, alternatively, that the all-p-sheet C D spectrum which leads to the fibrils is a rare event, not encountered by the majority of soluble protein.
T h e process of fibrillation at p H 4. Figure 2 (A). In parallel, initial and final C D spectra under these conditions have also been measured. It can be observed ( Figure 1A ) that raising the temperature to 42 "C increases negative ellipticity at 220 and 208 nm (more a-helix) and that after the fibril growth is nearly over (at 24 h), a typical P-sheet spectrum is generated.
Starting from the p H 3.3 buffer (0.26 M sulphate), where the molten globule I, state is populated, fibril formation takes about 10 days, with an initial lag phase of approx. 2 days ( Figure  2B ). This is much faster than in the pH 4.8 buffer without T F E . T h e corresponding time dependence of the C D spectra ( Figure 2B ) does not reveal any characteristic P-sheet spectra. When 20% T F E was added to the p H 3.3 buffer, an immediate change in C D spectra to a P-like spectrum is seen ( Figure 1C ). T h e fibrillation is much faster and no lag phase is observed ( Figure   2C ). T h e light scattering which perturbs the T h T fluorescence spectra at p H 3.3, especially when T F E is added ( Figure 2C ), is correlated with fibril composition and the extentlmode of aggregation (preliminary T E M data; results not shown).
Conclusions
Human stefin B forms amyloid fibrils, both starting from the initial molten globule state (at pH 3.3, high sulphate) and from the native-like intermediate (pH 4.8). C D spectra measured concomitantly show the characteristic shape of an all-P-sheet secondary structure only in presence of T F E . In addition, T F E accelerates the rate of fibril growth (most likely by promoting an all-Psheet structure), but only with pre-denaturing concentrations. 
